There are a considerable number of studies of the early development of the inner ear in fishes using light microscopy (KAWAMURA and WASHIYAMA,1989; BECERRA and ANADON,1993 a, b; HADDON and LEWIS, 1996) , as well as scanning and transmission electron microscopy (WATERMAN and BELL, 1984; SOKOLOWS-KI and POPPER, 1987) . However, there is still a lack of knowledge on the developmental correlation between the sensory epithelial cells and the otolith during the early embryonic stage in the fish inner ear.
In the teleost, the inner ear is divided into the superior and inferior divisions. The superior division consists of the three semicircular canals and one otolithic organ (i.e., the utriculus), being involved in the sense of equilibrium. The inferior division comprises two otolithic organs (i.e., the sacculus and the lagena), and is usually involved in the auditory sense (FURUKAWA and ISHII, 1967; POPPER and COOMBS, 1980; PLATT, 1983; KAWAMURA,1984) . These otolithic organs have sensory epithelia or maculae, which are composed of sensory hair cells, supporting cells, and transitional and/or precursor cells. On its apical surface, each hair cell possesses a hair bundle consisting of a single kinocilium and a bundle of stereocilia. According to POPPER (1976) and HUDSPETH (1985) , excitation of the sensory hair cells in the maculae results from the differential movement between the sensory hair bundles and a single calcareous otolith.
Since PANNELLA' s findings (1971), there has been an accumulation of knowledge on the daily growth of the otolith increments in fishes (e.g., BROTHERS et al., 1976; TAUBERT and Coble, 1977; BROTHERS, 1978; WILSON and LARKIN, 1980; CAMPANA and NEILSON, 1982; NEILSON and GEEN, 1982; RADTKE and DEAN, 1982 ; MUGIYA, 1987) . The first appearance of the otolith and/or daily increments in fishes, as mentioned elsewhere (see SALEM and OMURA, 1998) , is probably due to environmental factors such as water temperature and photoperiods. In a previous paper (SALEM and OMURA, 1998) , we demonstrated that the hair cells develop much earlier than the daily increment formation in the inner ear of the ayu Plecoglossus altivelis. This paper describes the development of This study was supported partly by a Grant-in-Aid for Scientific Research (C) from the Ministry of Education, Science, Sports, and Culture, Japan to Y. 0., and a scholarship from the Missions Department, Ministry of Higher Education, Arab Republic of Egypt to M. A. S.
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the sensory epithelium and the otolith in the rainbow trout Oncorhynchus mykiss, a cold water fish, with special regard to their correlation and environmental factors.
MATERIALS AND METHODS
Fertilized eggs of the rainbow trout were obtained from Shiga Prefectural Samegai Trout Farm. They were incubated in a plastic basket hung in a recirculating water tank (temperature: 1O-12t) under a laboratory-controlled photoperiod (0600-1800: light and 1800-0600: dark); light was supplied by cool fluorescence lamps (30-50lux on the water surface). The eggs hatched at 28 days after fertilization.
After deep anesthetizing, whole bodies from each embryonic stage at 12, 15, 22 and 27 days after fertilization were immersed in 2% paraformaldehyde-1 glutaraldehyde-0.1 M phosphate buffer (pH 7.3) and left at room temperature for 2-5 h. After postfixation in 1 % osmium tetroxide for 1 h, the specimens were dehydrated in a graded series of ethanol and embedded in epoxy resin. Thick sections (c. 1um) were stained with 1% toluidine blue and observed with an Olympus light microscope. Ultrathin sections (c. 90 nm) were contrasted with 3% uranyl acetate and lead electron staining solution (Katayama Chemical) and observed with a JOEL 100 CX transmission electron microscope at 80 kV.
RESULTS

Light microscopy
The auditory vesicle, saccular otolith and statoacoustic ganglion were first observed at 12 days after fertilization (Fig. la) . Examination of serial transverse sections of the same specimen indicated that the ventral wall of the auditory vesicle was differentiated into two different parts: the ventromedial part was the future saccular macula overlaid with a small saccular otolith, while the ventro-lateral part was the future utricular macula which still lacked the otolith (Fig. lb) . Between the two parts, an aggregation of granular cells appeared throughout the epithelial layers. Their cytoplasm seemed to contain numerous dark granules (Fig. la) .
By 15 days after fertilization, the ventro-lateral part acquired an utricular otolith (Fig. lc) . In the same period, medial and lateral protrusions of the superior half of the auditory vesicle appeared, representing the formation of the semicircular canals (Fig. lc) . The saccular macula (the ventro-medial part) with its otolith began to locate vertically (Fig.  ld) .
On the 22nd day after fertilization, the saccular sensory epithelium was well developed and consisted of lightly-stained hair cells and dark supporting cells (Fig. 2a) . The hair cells appeared to have cilia on their apical surfaces (Fig. 2b) . On the other hand, the utricular macula, situated horizontally, was not yet well developed (Fig. 2c) , although some protrusionlike cilia occurred on its apical surface (Fig. 2d) . The superior division of the labyrinth, semicircular canals, was also not yet well developed (Fig. 2e, f) .
At 27 days after fertilization, the hair cells and supporting cells of both saccular and utricular maculae could be readily distinguished (Fig. 3a, b) . The utricular otolith, showing an irregular shape, possessed a number of increments and overlay close to the macular apical surface, covering most of the sensory epithelium (Fig. 3b, c) . At this stage, the horizontal crista of the semicircular canal was well developed and posessed hair cells bearing conspicuous hair bundles on their apical surfaces, and supporting cells (Fig. 3d, e) . However, the other cristae could not yet be distinguished.
Electron microscopy
Even at 15 days after fertilization, the saccular and utricular maculae were not yet well developed: only the supporting cells were recognized by their dark nuclei (Fig. 4a) . Vesicular structures and a number of short microvilli were observed on the apical surface of the macular epithelium.
At 22 days after fertilization, a considerable number of developing cilia and long microvilli were found on the apical surface of the sensory epithelium, which appeared to release numerous secretory materials with different shapes and sizes (Fig. 4b) . The saccular otolith possessed seven calcified incremental layers (Fig. 4c) .
At 27 days after fartilization, both the saccular and utricular sensory epithelia were well differentiated, and hair cells and supporting cells were well developed. The apical surface of each hair cell was covered with a hair bundle consisting of a single tall kinocilium and numerous stereocilia of various lengths (Fig. 4d, e) . The stereocilia containing a bundle of microfilaments stuck their basement into the cuticular plate (Fig. 4d) . A number of elongated and oval mitochondria were scattered in the supranuclear region of the hair cell. Junctional complexes, joining the hair cells with each other or with the supporting cells, were found at the apical region of (Fig. 4d) . Electron dense spherules and aggregates of secretory materials were observed over the sensory epithelium (Fig. 4e) .
DISCUSSION
The initial development of the auditory vesicle in teleosts seems to begin mainly due to the environmental factors such as water temperature.
The present work showed that the auditory vesicle of the rainbow trout appears 12 days after fertilization at 10-12t, whereas previous papers mentioned that the otic vesicle appeared 6-7 days after fertilization at 17 -20t in the Opsanus tau (TRACY , 1959 ) and 3 days after fertilization at 19-20t in the ayu Plecoglossus altivelis (SALEM and OMURA, 1998) . Compared with these two species, the rainbow trout prefers to live in cold water, thus requiring more time to develop the inner ear.
The present study showed that the saccular maculae initiate the differentiation of their sensory cells earlier than the other organs and appear before differentiation of the semicircular canals. This suggests that the auditory sense is established earlier than the sense of equilibrium in fishes. However, in other species, such as the lefteye flounder Paralichthys olivaceus (KAWAMURA and ISHIDA, 1985) , the sense of equilibrium appears earlier than the auditory sense; this developmental differences probably depends on the behavioral and habitual requirements of the fish.
According to BECCERA and ANADON (1993a) , the crista ampullaris in the brown trout appeared before the separation of the semicircular canals. A similar result was found in Cyprinus carpio and Cottus pollus (IWASAKI,1937) , and in Scophthalmus maxims (BECER-RA et al., 1990) . In the rainbow trout the crista was formed after the complete separation of the semicircular canals, and the horizontal crista appeared earlier than the others. A similar emergence of the horizontal crista was found also in Polypterus senegalus (THOMOT and BAUCHOT, 1987) and in Scophthalmus maximus (BECERRA et al., 1990) . The earlier appearance of the horizontal crista in the rainbow trout may be involved in maintaining the equilibrium balance of the embryo and larvae. The statoacoustic ganglion (VIII nerve) appeared earlier than the differentiation of the sensory epithelia in the embryonic rainbow trout. A similar early appearance of the ganglion has been mentioned also in the brown trout Salmo trutta fario (BECERRA and ANADON, 1993 b) and in the ayu Plecoglossus altivelis (SALEM and OMURA, 1998) .
The granular cells (Fig. la) observed in the ventral wall of the auditory vesicle at the early stage have not been described before. The present study also showed the presence of electron dense spherules, vesicular structures, and aggregates of secretory materials over the sensory epithelium. We consider that these materials are probably involved in forming the otolith, otolithic membrane and/or subcupular meshwork in the late embryonic stage (see DUNKEL-BERGER et al., 1980; ZHANG, 1992) .
The saccular otolith of the rainbow trout appeared 12 days after fertilization, although the otolith was observed first 3 and 4 days after fertilization in the killifish (RADTKE and DEAN, 1982) and the ayu (SALEM and OMURA,1998) , respectively. The present electron microscopic study showed the saccular otolith of the rainbow trout to possess 7 incremental layers at 22 days after fertilization. This corresponds with results from an experimental analysis of the rainbow trout by MUGIYA (1987) . In a previous paper we demonstrated that the saccular otolith of the ayu possessed 1 incremental layer at 9 days after fertilization or at hatching (SALEM and OMURA, 1998) . Meanwhile, in the sockeye salmon, the first daily increment appeared after hatching (MARSHALL and PARKER,1982) . In addition, the initial formation of the otolithic increment appeared 11 days after fertilization in the killifish (RADTKE and DEAN, 1982) , and 6 days after hatching in the anchovy (METHOT and KRAMER, 1979) . Accordingly, the development of the daily increments is presumed to be species-specific (see SOKOLOWSKI, 1986) , although it may be affected by environmental factors such as photoperiod, temperature and feeding (CAMPANA and NEILSON, 1982) .
According to MUGIYA (1987) , the photoperiod works as a potential entrainer for the rhythmic formation of otolith increments in the embryonic and larval rainbow trout. The present study demonstrated that in the inner ear of the rainbow trout, the initial formation of the otolith increment appeared before the establishment of hair cells. OMURA and OGURI (1993) have demonstrated that the pineal photoreceptors in the rainbow trout first appear 15 days after fertilization, when the daily formation of otolith increments starts (MUGIYA, 1987) . Perhaps the entrainment of the light-dark cycle required for the daily formation of the otolith increment may occur through the pineal photoreceptor in the rainbow trout.
In addition, the delay in the appearance of hair cells in the embryonic rainbow trout may suggest that the initiation and oscillation of the daily formation of the otolith increment is under diurnal hormonal control, such as pineal melatonin (see GERN et al., 1992) .
